Approximately one in three persons will develop herpes zoster during their lifetime, and it can lead to serious complications such as postherpetic neuralgia. However, evidence on burden of herpes zoster and postherpetic neuralgia in Japan is limited. This prospective, observational, multicenter, physician practice-based cohort study was conducted in Kushiro, Hokkaido, Japan (Clinicaltrials.gov identifier NCT01873365) to assess the incidence and hospitalization rates of herpes zoster, and the proportion, clinical burden and risk factors for postherpetic neuralgia in adults aged 60 years or more. Within the study area, 800 subjects developed herpes zoster and 412 were eligible for the study. Herpes zoster incidence was 10.2/1000 person-years and higher among women and older subjects. Subjects with herpes zoster required on average 5.7 outpatient consultations. Herpes zoster-associated hospitalization rate was 3.4% (27/800). The proportion of postherpetic neuralgia and other complications was 9.2% (38/412) and 26.5% (109/412), respectively. Statistically significant association with the development of postherpetic neuralgia was male sex (odds ratio [OR], 2.51; 95% confidence interval [CI], 1.17-5.38), age of 70-74 years (OR, 3.51; 95% CI, 1.09-11.3), immunosuppressive therapy (OR, 6.44; 95% CI, 1.26-32.9), severe herpes zoster pain at first consultation (OR, 3.08; 95% CI, 1.10-8.62) and rash on upper arms (vs no rash on upper arms; OR, 3.46; 95% CI, 1.10-10.9). Considerable herpes zoster and postherpetic neuralgia burden exists among elderly in Japan, and there may be predictive factors at the first visit which could be indicative of the risk of developing postherpetic neuralgia.
INTRODUCTION
Herpes zoster (HZ) occurs when Varicella zoster virus reactivates from the sensory ganglia during waning of cell-mediated immunity below a critical level. 1 Over 95% of individuals aged 50 years or older have been infected with Varicella zoster virus and are, therefore, at risk of developing HZ. 2, 3 The lifetime risk of developing HZ is between 25% and 30%, rising to 50% in those who reach 80 years of age. [4] [5] [6] In a significant proportion of HZ patients, the most common complication is postherpetic neuralgia (PHN) that can occur months to years after onset of rash. HZ, and especially PHN, may significantly impact patients' quality of daily life and impose a considerable economic burden on the payers and the society. [7] [8] [9] [10] Japan has the highest proportion of elderly people in the world; 32% of its population was 60 years or older in 2012, and this proportion is expected to increase to 41% by 2050, 11 causing an increase in overall absolute number of HZ in this population, and therefore leading to substantial burden on the health-care system and society. A recent publication described the incidence of HZ (10.9/1000 person-years) and PHN (2.1/ 1000 person-years) in the Japanese population aged 50 years or older. 12 Clinical characteristics, risk factors, health-resource utilization and quality of life of the subjects with HZ and PHN have, to date, not been studied in detail in Japan.
In this prospective observational cohort study in Japan, we assessed the incidence and clinical characteristics of HZ and the proportion of PHN in subjects aged 60 years or older. In addition, this study assessed resource utilization due to HZ as well as the quality of life of affected subjects, but these topics will be reported elsewhere.
METHODS

Study design
This was a prospective, observational, multicenter, physician practice-based cohort study in adults aged 60 years or older conducted by eight dermatologists and six internists in 14 centers in Kushiro, Hokkaido, Japan, between 29 June 2013 and 4 February 2015. The study is registered at ClinicalTrials.gov (NCT01873365).
The subjects were included into the prospective part of the study if they: (i) were aged 60 years or older; (ii) were diagnosed with HZ by the physician at the study participating sites at the initial or at the second consultation occurring within 7 days of the initial consultation; (iii) were capable of completing the required quality of life questionnaires at predefined time points; and (iv) provided signed informed consent.
Herpes zoster severity was assessed using a pain intensity scale (item 3 of the Zoster Brief Pain Inventory [ZBPI] questionnaire) 7 by dividing the scale into three categories: (i) no or mild pain (0 ≤ pain < 3); (ii) moderate pain (3 ≤ pain < 7); or (iii) severe pain (7 ≤ pain ≤ 10). Clinically relevant PHN was defined by the presence of HZassociated moderate to severe worst pain (rated as ≥3 in response to item 3 of the ZBPI questionnaire 7 ) persisting or appearing more than 90 days after onset of the HZ rash. The duration of the study for each patient was at most 270 days (with AE7 days time window) after the initial visit, and it included follow up of subjects with HZ between initial visit and day 90 and subjects with PHN between days 90 and 270 after the initial visit.
This study was conducted in accordance with the Ethical Guidelines for Epidemiological Research, the Ethical Guidelines for Clinical Studies and applicable subject privacy requirements, and guideline principles of the Declaration of Helsinki, and was reviewed by an Institutional Review Board/Independent Ethics Committee. Written informed consent was obtained from all enrolled participants.
Study population
Eight hundred subjects aged 60 years or older developed HZ in the study area. Among them, 772 (96.5%) and 28 (3.5%) visited a dermatologist or internal medicine specialist, respectively. Residents of Kushiro city comprised 666 (83.3%) subjects and 134 (16.7%) subjects lived outside Kushiro city. A total of 448 (56%) subjects with HZ and who visited one of the study dermatology practices were enrolled in the prospective part of the study, 412 (91.9%) of whom were eligible for the study analysis and 36 (8.1%) excluded from the study due to either non-compliance with the study inclusion criteria or violation of the informed consent process (Fig. 1 ).
Data collection
Aggregated data (number of subjects with HZ in each sex and age group, number of hospitalizations and outpatient visits) were collected on 800 subjects diagnosed with HZ in the study area. These aggregated data have been used to estimate HZ incidence and the proportion of hospitalization among subjects with HZ. Individual data (demographic, clinical and health-resource utilization) on 412 subjects with HZ enrolled into the prospective part of the study were also collected at each subject's visit by the study investigator. In addition, data on quality of life of the subjects with HZ and PHN were collected from questionnaires completed by the subjects at the following time points: days 0, 15, 30, 60, 90, 120, 150, 180, 210, 240 and 270. The following questionnaires were included for the completion: (i) ZBPI questionnaire for the estimation of pain severity and persistence; (ii) Short-Form Health Survey for the assessment of health status; (iii) EuroQol 5-Dimension questionnaire for estimation of utility; and (iv) Short-Form McGill Pain Questionnaire for collection of type of pain and intensity. Details of the questionnaires as well as the results of the questionnaire survey will be discussed elsewhere. Briefly, ZBPI questionnaire was used to quantify HZ pain and discomfort and measure selected activities of daily living and health. This questionnaire also has been used for the PHN case definition. The ZBPI was adapted from the Brief Pain Inventory to make it a HZ-specific measure of pain severity that captures pain and discomfort (including allodynia and pruritus) caused by HZ. 7 It uses an 11-point Likert scale (0-10) to rate HZ pain and discomfort for four dimensions: worst, least and average during the past 24 h and now. The follow up of the patients rating pain as more than 1 in answer to item 3 of the ZBPI questionnaire on days 90 or 180 were completed accordingly at one of those dates. The follow up of the patients rating pain as 1 or more in answer to item 3 of the ZBPI questionnaire at days 90 or 180 was extended to days 120, 150 and 180, and 210, 240 and 270, respectively. Patients were asked to fill in the questionnaires and return them within 10 days.
Sample size
Sample size was estimated based on HZ incidence of a study conducted in Miyazaki prefecture by Toyama et al. 13 For a total population of 180 000 at Kushiro city of which 64 880 people were aged 60 years or older, the number of eligible HZ cases expected during a 1-year period was approximately 469. Assuming that 70% of these patients agreed to participate in this study, 328 subjects were expected to be enrolled. Among these subjects, approximately 30 were expected to develop PHN 90 days after the onset of HZ.
Statistical analyses
Analyses were conducted in several study populations. The incidence of HZ and the proportion of HZ hospitalizations were estimated based on 800 subjects with HZ for whom data were available in the aggregated format. The rest of the study endpoints were estimated on 412 subjects for whom individual demographic and clinical data was available. In case subjects had missing information at certain time point of observation, they were only excluded from the analysis for this specific time point. The incidence was calculated as the number of HZ episodes per 1000 person-years by dividing the total number of subjects with HZ diagnosed in the study area by the total number of adults aged 60 years or older residing in the study area during the recruitment period (obtained from the Kushiro city government records). The incidence rate of HZ cases was calculated by age group, sex and overall, and it was then tabulated with exact Poisson 95% confidence interval (CI).
The proportion of patients with any pain persisting or appearing after the onset of HZ was assessed with a 95% CI by age group and sex at days 90, 180 and 270. The proportion of PHN cases among patients who completed the questionnaire at days 90, 180 and 270 was also calculated. The proportion of HZ-associated hospitalizations among the total number of HZ cases was tabulated with 95% CI overall, by age group and by sex. The medical history of patients with HZ and PHN and the characteristics of HZ and PHN episodes (severity, symptoms, onset date and presence of complications) were described.
Univariate and multivariate logistic regression analyses were conducted to describe the association between PHN occurrence and independent variables (age, sex, current immunosuppressive therapy, initial HZ pain severity, number of locations of rash and location of rash) in order to identify potential risk factors. Analysis was conducted among the subjects who had completed the questionnaire at day 90. Adjusted and unadjusted odds ratios (OR) were calculated for the potential risk factors.
All statistical analyses were performed using the SAS Drug and Development web portal and Microsoft Excel (Microsoft, Redmond, WA, USA).
RESULTS
The mean age of the 412 subjects was 71.7 years (standard deviation, AE7.5). Women accounted for 60.2% (248/412) of the subjects. A large percentage of patients, 71.8% (296/412) were already under treatment for another disease at the time of enrollment. Other subject characteristics are described in Table 1 .
An overall HZ incidence of 10.2/1000 person-years (95% CI, 9.4-11.0) was estimated among the Kushiro population aged 60 years and older ( Table 2 ). The incidence rate of HZ was higher for the 80 years or older age group (12.1/1000 personyears; 95% CI, 10.3-14.1) than for the other age groups. The incidence rate was also higher among women (11.6/1000 person-years; 95% CI, 10.5-12.7) than men (8.4/1000 personyears; 95% CI, 7.3-9.5).
The mean delay between the date of the subject's HZ rash onset and the date of their first visit to the doctor was 4.4 days (range, 0-26) with 8% (33/412) of the subjects visiting the doctor 10 days or more after rash onset. There were no differences in mean delays between different age groups slightly n refer to number of subjects † Some subjects had more than one underlying disease. HZ, herpes zoster; PHN, postherpetic neuralgia; SD, standard deviation. There was a mean of 5.7 visits (median, 4; range, 1-94) for treatment of HZ/PHN per subject, and it increased with both advanced age and severity of pain (Table 3) .
A total of 3.4% (27/800) of the subjects required hospitalization for HZ: 11 subjects among those aged 60-69 years, 10 aged 70-79 years and six aged 80 years or older groups. The proportion of hospitalization was higher among men (4.8%) than women (2.7%).
Prodromal symptoms and complications were experienced by 77.2% (318/412) of the subjects before rash onset A total of 65% of the subjects reported moderate to severe pain associated with the onset of HZ at the initial visit, and this proportion of subjects steadily decreased to 9.2% at day 90 (Fig. 2) , corresponding to the proportion of PHN. Nearly all patients reported some pain at the initial visit, but by day 90, the total percentage reporting any pain declined to 20%. Subjects aged 70-74 years experienced more moderate to severe pain at any time point than the other age groups.
Among the 412 subjects, there were 38 (9.2%; 95% CI, 6.6-12.4) who presented with PHN 90 or more days after rash onset. This proportion was slightly higher when assessed among subjects who completed a questionnaire more than 90 days after rash onset (70%, 287/412) and accounted for 13.2% (38/287). Women tend to developed less PHN (6.9%; 95% CI, 4.0-10.7) than men (12.8%; 95% CI, 8.1-18.9), and a higher number of PHN (14 cases, 15.7%; 95% CI, 8.9-25.0) were diagnosed in the 70-74 years age group than in the other age groups. Among 38 PHN subjects, 39.5% reported moderate to severe pain more than 180 days and 10.5% reported moderate to severe pain 270 days after rash onset. Approximately 20% (95% CI, 16.1-24.1) of the subjects presented with any HZ-related pain 90 days after rash onset (Table 4) .
Male sex (OR, 2.51; 95% CI, 1.17-5.38), age group of 70-74 years (OR, 3.51; 95% CI, 1.10-11.4), concomitant immunosuppressive therapy (OR, 6.44; 95% CI, 1.26-32.9), severe HZ pain at first consultation (vs no or mild pain; OR, 3.08; 95% CI, 1.10-8.62) and rash on upper arms (vs no rash on upper arms; OR, 3.46; 95% CI, 1.10-10.9) were statistically significantly associated with the development of PHN (Table 5) .
DISCUSSION
This is the first study to assess the burden of HZ and PHN including incidence and clinical characteristics of HZ, proportion and risk factors of PHN, severity of pain related to HZ and PHN, and health-resource utilization in Japanese adults aged 60 years or older.
Our study confirmed that approximately 1 in 100 subjects aged 60 years or older had HZ with higher incidence in women and older age groups. Approximately 10% of the subjects with HZ developed PHN 90 days or more after rash onset requiring long term anti-pain treatment. On average, subjects consulted a doctor approximately six times per HZ episode and more than 3% of them had been hospitalized. There may be also some predictive clinical factors for PHN development such as rash location, immunosuppressive therapy and severity of the HZ pain at the initial visit to the doctor, which the doctor should look at when consulting subjects presenting with HZ.
The HZ incidence rate reported here is consistent with recently published data from a prospective Japanese study (the SHEZ study).
12 Similar values for HZ incidence were found in both our and the SHEZ studies, respectively: 9.2/1000 versus 9.6/1000 person-years for the 60-69 years age group, 10.4/1000 versus 12.9/1000 person-years for the 70-79 years age group and 12.1/1000 versus 12.6/1000 person-years for Figure 2 . Proportion of HZ subjects who had HZ-related pain from onset of rash after 90 days (HZ-associated worst pain intensity in the last 24 h). HZ, herpes zoster; n, number of subjects. the 80 years or older age group. HZ incidence in our study is also consistent with incidence found in the Miyazaki study, a 10-year survey conducted in Japan between 1997 and 2006. 13 However, the study in Miyazaki tends to underestimate the incidence of HZ in 80 years or older age group that could be due to the specificity of their study setting related to limitations in accruing a sufficient number of elderly subjects. In contrary, our and the SHEZ studies observed an increase in HZ incidence with age that could be associated with a decrease in the cell-mediated immune response against Varicella zoster virus, 12,14 but additional studies are needed to confirm this hypothesis. Both our and the SHEZ studies estimated a higher incidence of HZ among the female population, with consistently higher values across all age groups, and we note that a tendency of increased HZ incidence rates in women in Europe was also highlighted in a systematic review by Pinchinat et al.
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There are limited data on HZ-related hospitalizations in Japan, but a recent systematic review summarized results of studies conducted in North America and parts of the European Union. 16 Although these results may not be entirely comparable with ours due to many factors, such as health-care systems and study settings, considerably higher hospitalization rates were also found in the elderly population, especially in the 80 years or older age group. The estimated rate in the current study (3.4%) is in agreement with rates ranging 1-3% that were reported in Germany, 17 the USA 18 and Australia. 19 We do note that a recent study conducted in Taiwan among 150 subjects aged 50 years or older reported a 20.7% rate of hospitalization, but the initial severity of HZ-associated pain was higher in this study where 98% of the subjects experienced HZ-associated pain at enrollment, 20 whereas in our study 33% of the subjects experienced no or mild pain at enrollment.
Studies assessing PHN and associated risk factors are difficult to compare, because they are not uniform in the definition of PHN and design, and so the reported proportion of PHN cases in HZ patients can vary considerably. 16 In the present study, PHN was defined as moderate or severe pain persisting or appearing at 90 days after HZ onset. A proportion of 9.2% among all eligible HZ patients and 13.2% of patients who completed questionnaires reported PHN-related pain at day 90. The latter value may overestimate PHN proportion, because patients experiencing pain may be more inclined to complete the questionnaires. However, these proportions are in line with previously reported data from a population-based study conducted in the USA in adults. In that study, 10% of the study participants reported pain at 90 days after HZ diagnosis, and the duration and intensity of the pain was found to increase with age. 18 In a retrospective study encompassing 25 002 HZ patients aged 50 years or older in the UK, Gauthier et al.
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reported that 13.7% of patients developed PHN (defined as pain persisting up to 3 months), and they observed similar PHN proportions among men and women. Gialloreti et al. 22 estimated the proportion of HZ cases developing into PHN at 7.7% for Italian patients aged 50 years or older and concluded that PHN was more common in women than in men. In the SHEZ study, 12 a definition similar to that of Gauthier et al. for PHN was employed to estimate an overall proportion of 20.83% among HZ patients aged 60 years or older and similar PHN proportions were found for men and women, although these varied considerably with the age groups. For instance, in patients aged 60-69 years, 19.4% of men and only 10.8% of women developed PHN, while in the 70-79 years age group, the proportions of PHN cases were 12.5% and 24.7% in men and women, respectively. 12 The present study observed that the proportion of men developing PHN was significantly higher than that of women. Because the study design or definition of PHN vary across studies, these contradictory results may warrant further investigation or could be due to specificity of the study setting. Among the risk factors of PHN, older age, severity of acute pain and severity of rash are the most frequently cited in the published work. 3, 23 In the present study, increasing age was not a predictor for PHN within the targeted age groups, while male sex was significantly associated with higher risk of developing PHN among adults aged 60 years or older. The reason that males exhibited a higher proportion of PHN is unclear. In this study, rash on upper arms was identified as a risk factor for developing PHN. The brachial plexus is a dense nerve system in the upper arm; therefore, the subjects with rash on upper arms may have persisting moderate to severe pain. We observed that rashes located on the upper arms were often connected with rashes located on the upper back and sometimes with rashes located on the lower arms. A greater number of different rash locations may be indicative of the severity of HZ, and as such be associated with a higher proportion of PHN; however, the number of rash locations itself did not show a significant risk for developing PHN in this study. We also observed that the severity of HZ pain at the initial visit to the doctor is positively associated with the risk of PHN; it seems that the higher magnitude of pain presented at the initial visit may have tendency to stay the same at day 90 or later after rash onset, whereas other subjects with less severe pain do recover from HZ-related pain by that time. More detailed assessment with other variables will be needed in the future studies.
A recent pooled analysis assessing PHN predictors from prospective cohort studies conducted in North and Latin America and Asia among HZ patients older than 50 years found no sex difference with respect to the PHN incidence rates. 23 Concomitant immunosuppressive therapy and pain severity at HZ onset were also associated with higher risk of developing PHN in our study, and this is consistent with prior findings. 24, 25 We observed an average of 5.7 visits to the doctor per HZ episode. This represents a significant burden not only for the patients themselves but also for their family and health-care system. This is particularly a burden for elderly patients. The current study also showed that 10% of patients visited the doctor 10 days or more after rash onset. A delay in the start of antiviral therapy may cause an increase in the severity of HZ, however, at the same time more severe subjects may tend to come to the doctor earlier for HZ treatment. Given the aging society in Japan and a potential increase in absolute number of HZ cases in the Japanese elderly population as its consequence, prevention activities or raising awareness for the need to seek prompt consultation after rash onset will be needed.
The current study has strengths and limitations that could potentially affect the robustness of the results. The major strength of this study is its prospective study design with data collection from all medical specialists (internal medicine specialists and dermatologists) who see subjects with HZ in real-life settings. 13 In addition, PHN case definition was based on the validated ZBPI questionnaire which accounted for various degrees of pain intensity. 7 The study also has several limitations.
First, although almost all dermatologists in Kushiro city and five sites outside of Kushiro city participated in this study, incidence of HZ might have been underestimated, because some subjects with HZ might have visited to other clinics outside of this study. Second, only patients who provided signed informed consent were included in the study for most of the outcomes, and that population represented only 62% of all HZ diagnosed in the study area. That may cause certain biases as it could be that this population could be slightly different from one which was not a part of our prospective study. Third, if the subjects who had severe pain tend to continue follow up in this study, the proportion of PHN may be also biased.
In conclusion, our study confirmed that approximately 1 in 100 subjects aged 60 years or older had HZ with higher incidence in women and older age groups. Approximately 10% of subjects with HZ developed PHN 90 days or more after rash onset requiring long-term anti-pain treatment. On average, subjects consulted doctors approximately six times per HZ episode and more than 3% of them were hospitalized. There may be also some predictive clinical factors for PHN development such as rash location, immunosuppressive therapy and severity of the HZ pain at the initial visit to the doctor, which the doctor should look at when consulting subjects presenting with HZ.
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